The CD7 
Introduction
Absence of CD7 antigen defines a subset of post-thymic CD4 + T cells with CD45R0 + CD45RA 7 memory phenotype. In contrast to the CD4 + CD7 + T-cell population, CD4 + CD7 7 T cells expand during certain physiological and pathological conditions in vivo. For instance, circulating CD4 + CD7 7 T cells in the peripheral blood increase in both percentages and absolute numbers during aging 1 ± 3 and, furthermore, under conditions that are associated with permanent T-cell stimulation such as chronic inflammatory skin diseases, 4 rheumatoid arthritis, 5, 6 and kidney transplantation recipients. 7 We moreover found that preferentially CD4 + CD7 7 T cells infiltrate the skin in diseases associated with chronic immunostimulation. 4, 8 In vitro evidences indicate that specific downregulation of CD7 antigen expression in T cells reflects a separate and stable differentiation state occurring late in the immune response. 1 It is therefore under discussion whether extended rounds of stimulation will result in expansion of the CD4 + CD7 7 T-cell population under pathological situations resulting in accumulation of these cells in inflammatory lesions. Alternatively or in addition, delay in cell death of CD7 7 T cells may account for their local accumulation in a variety of chronic inflammatory diseases.
In the present study we report that CD4 + CD7 7 T cells from the peripheral blood are prone to an increased rate of spontaneous apoptosis in vitro compared to CD4 + CD7 + T cells. Addition of recombinant interleukin-15 (IL-15) rescues CD7 7 T cells from accelerated apoptosis. IL-15, physiologically expressed in a membrane-bound form on the surface of TNF-a stimulated fibroblasts, 9 is also capable to prevent spontaneous apoptosis of CD7 7 To confirm the specificity of IL-15 signaling, experiments were performed to block the IL-2 receptor b-chain utilizing the antagonistic anti-human IL-2Rb mAb (clone Mik-b2). 10 Added prior to cytokine addition, the IL-2Rb specific mAb significantly (P50.01) neutralised the anti-apoptotic effect of IL-15 on CD4 + CD7 7 T cells in a dose-dependent manner ( Figure 2C) Figure 4 ). On the 
Accelerated apoptosis of CD4
+ CD7 7 T cells is inhibited by membrane-bound IL-15 exposed on the surface of TNF-a stimulated dermal fibroblasts IL-15 is physiologically expressed in a membrane-bound form on the surface of keratinocytes, 13 monocytes, 14 and on TNF-a stimulated fibroblasts. 9 Beside some established tumor cells lines, 15 IL-15 is not secreted into the culture supernatant. We therefore asked whether membrane IL-15 on the surface of normal cells prevents spontaneous apoptosis of CD4 + CD7 7 T cells. Because CD4 + CD7 7 T cells preferentially infiltrate the dermis, 8 we coincubated CD4 + CD7 7 T cells with dermal fibroblasts that expose membrane IL-15 after TNF-a stimulation (20 ng TNF-a/ml, 72 h). Unstimulated fibroblasts do not express membrane IL-15. 9 Coculture with TNF-a stimulated fibroblasts substantially reduced the number of apoptotic cells within the CD4 + CD7 7 subset but not within the CD4 + CD7 + subset whereas coculture of unstimulated dermal fibroblasts only marginally altered the number of viable CD4 + CD7
7 T cells ( Figure 5A ). TNF-a alone did not rescue CD7 7 T cells from apoptosis making it unlikely that this effect is due to a TNF-a activity directly towards CD4 + CD7
7 T cells. Moreover, we incubated TNF-a stimulated fibroblasts with a neutralizing anti-IL-15 antibody or, as control, with an isotype matched control antibody prior to coculture with CD4 + CD7 7 T cells. As shown in Figure 5A , the number of apoptotic CD4 + CD7 7 T cells in presence of the anti-IL-15 mAb was dramatically increased (P50.01) and nearly the same as incubated without TNF-a treated fibroblasts indicating that protection of CD4 + CD7 7 cells from spontaneous apoptosis by TNF-a stimulated fibroblasts is nearly completely abolished by neutralization of IL-15. Incubation with an isotype matched control antibody did not alter the number of apoptotic CD4 + CD7 7 T cells. In a second set of experiments, CD4 + CD7 7 T cells were physically separated from the monolayer of TNF-a stimulated fibroblasts by a Transwell TM membrane insert. In this situation, the same numbers of apoptotic CD4 + CD7 7 T cells were found as in cultures of CD4 + CD7 7 T cells without TNFa stimulated fibroblasts ( Figure 5B ). This indicates that 17 and with acute and chronic viral infections 18, 19 including HIV, 20, 21 in T cells from patients with allogeneic bone 22 and in synovial T cells from joints affected with rheumatoid arthritis. 23, 24 Supplementation of Tcell cultures with IL-2R g-chain cytokines upregulates Bcl-2 and Bcl-xL expression and decreases the number of apoptotic cells in vitro implying that cytokine deprivation may be responsible for accelerated apoptosis of these cells. 25, 26 Whereas IL-15 is active, IL-2 in concentrations of 1 ± 10 nM, in contrast, fails to rescue CD4 + CD7 7 T cells from apoptosis in vitro. We speculate that the ineffectiveness of IL-2 towards CD4 + CD7 7 T cells may be due to the quiescent phenotype of these cells that is characterized by a low, if any, spontaneous proliferative capacity in vitro and a substantial hyporesponsiveness to both IL-2 and TCR/CD3 mediated stimuli compared to CD4 + CD7 + T cells. 27 IL-2 in high concentrations can compensate for diminished IL-2 receptor signaling in anergic mouse T cells 28 and exerts its anti-apoptotic effect preferentially in cycling cells. 19 36 In accordance to previous data, 37 we speculate that although both IL-15 and IL-2 Ra-chains are expressed on the cell surface CD7
7 cells preferentially respond to IL-15 due to the significant higher affinity of IL-15 than IL-2 to the corresponding a-chain of the receptor. Accordingly, some immune cell subsets appear to respond preferentially to one cytokine, IL-2 or IL-15. 38 Zhang et al. 39 reported similar effects of IL-15 on mouse CD8 + T cells. On the other hand, continuous IL-15 stimulation is known to downregulate IL-15Ra chain and to upregulate IL-2Ra chain expression in T cells. 40 Our observations complement a recent report by Agrawal et al. 41 that demonstrates profound in vitro apoptosis of T cells isolated from inflammatory, nonmalignant tissues and of tumor-infiltrating lymphocytes derived from a B cell non-Hodgkin's lymphoma. These T cells exhibit properties with striking similarities to those of the CD4 + CD7 7 T cell subset, including: (i) accumulation in a variety of chronic inflammatory lesions; 4 (ii) decreased activation capacity via the TCR/CD3 pathway but strong activation via the CD2 pathway or by CD28 costimulation; 27, 42 (iii) marked frequency of spontaneous apoptosis in vitro; and (iv) failure of IL-2 to inhibit spontaneous apoptosis in vitro.
The anti-apoptotic effect of IL-15 on T cells through upregulation of Bcl-2 expression is well described (reviewed by Waldmann et al. 15 and Akbar et al. 25 ), e.g., on T cells from HIV-infected persons 20, 43 and on TCRgd intraepithelial T cells. 44 In recent years, more details of how the IL-15 signaling pathway is coupled to the Bcl-2 survival pathway have been elucidated. IL-15 signals are transmitted through the cytoplasmic domains of the b and g receptor chains to janus kinases, especially Jak3, 45 that are linked to the STAT pathway, including STAT5a, STAT5b, STAT1a, STAT3 and other so far unidentified DNA-binding proteins.
46 STAT3 binds to the Bcl-2 promotor thereby enhancing the transcription rate and finally the amount of Bcl-2 protein. 47 Less is known about the linkage between the IL-15 signaling pathway and the CD95/Fas pathway. BulfonePaus et al. 30 reported that IL-15 efficiently inhibits apoptosis induced by anti-Fas antibodies. In the absence of T-cell receptor triggering, however, IL-15 induces a quiescent phenotype characterized by G0/G1 arrest and downregulation of CD95/Fas expression. 31 This is in accordance to our 25 ). It is an obvious discrepancy that CD4 + CD7 7 T cells in vitro undergo extensive apoptosis but in vivo do not show evidence for preferred susceptibility to apoptosis. This observation supports the speculation that loss of the in vivo microenvironment may result in increased entry into apoptosis in vitro. Stroma cells are known to be basically capable in maintaining T-cell survival by providing environmental factors. 25, 48 We here show that spontaneous apoptosis of CD4 + CD7 7 T cells in vitro is counteracted by skin-derived fibroblasts that are prestimulated with TNF-a. This effect is due to membrane-bound IL-15 exposed on the surface of TNF-a treated fibroblasts. This conclusion is based on the observation that: (i) TNF-a stimulated, but not unstimulated fibroblasts, are effective towards CD4 + CD7 7 T cells; (ii) TNF-a stimulated, but not unstimulated fibroblasts, express membrane IL-15; 9 (iii) rescue from apoptosis requires membrane contact of CD4 + CD7 7 T cells to TNF-a stimulated fibroblasts; and (iv) the apoptosis protective activity of TNF-a stimulated fibroblasts is abolished by addition of neutralizing anti-IL-15 antibody. It is unlikely that TNF-a exhibits anti-apoptotic activities directly towards CD4 + CD7 7 T cells because TNFa without cocultured dermal fibroblasts did not rescue CD7 7 T cells from apoptosis. Whereas IL-15 is physiologically membrane-associated and not secreted in detectable amounts into the culture medium, 9,13,14 addition of soluble, recombinant IL-15 substitutes the anti-apoptotic activity of TNF-a stimulated fibroblasts.
Under certain physiological and pathological conditions, particularly during chronic inflammation, CD4 + CD7 7 memory T cells accumulate in chronic inflammatory lesions. The molecular basis therefore and the role of fibroblasts in sustaining proliferation of attracted leukocytes at the site of chronic inflammation is poorly understood. Leukocytefibroblast interactions are known to be mediated by a panel of specific adhesion molecules induced by proinflammatory cytokines on both leukocytes and fibroblasts. TNF-a, a potent mediator of inflammatory functions, induces fibroblasts to express matrix metalloproteinases, chemokines and adhesion molecules (for review: Baker 49 ). We recently found that upon prolonged incubation with TNF-a dermal fibroblasts expose membrane-bound IL-15 on the cell surface whereas unstimulated fibroblasts do not. 9 Here we show that membrane-bound IL-15 on the cell surface of TNF-a stimulated fibroblasts rescues CD4 + CD7
7 memory T cells from apoptosis. This T-cell subset, moreover, contributes by secretion of IL-5, in addition to IL-4 and IFN-g, to attract an eosinophilic infiltrate 50, 51 that on their part is believed to play a substantial role in epithelial cell damage by eosinophil-derived products. This mechanism fits well with the observation that skin infiltrating CD4 + CD7 7 T cells accumulate within the chronic inflammatory lesion, a site with locally high concentrations of TNF-a and with eosinophilic infiltrates. Moreover, this mechanism implies a crucial role of TNF-a stimulated fibroblasts not only in sustaining proliferation of attracted, activated CD7 + T cells but also in prevention of apoptosis of cells of the CD7 7 subset. This process is potentially important because the cytokine cross-talk of mononuclear cells and dermal fibroblasts likely contributes to the chronicity of inflammatory skin diseases. Our results may additionally have impact on the understanding of consequences of increased and prolonged secretion of proinflammatory cytokines like TNF-a in dermal lesions.
Material and Methods

Cells and cytokines
Peripheral blood mononuclear cells (PBMC) were isolated from healthy donors by Ficoll-Hypaque density centrifugation. T-cellenriched populations were obtained from PBMC by passage through a nylon wool column (Wako Chemicals, Neuss, Germany). The proportion of contaminating CD14 + monocytes and CD19 + B cells in the T-cell preparation was 51%. Memory helper T cells were obtained using the high-gradient magnetic cell separation system MACS (Miltenyi Biotec, Bergisch Gladbach, Germany). Briefly, nylon-nonadherent lymphocytes were simultaneously incubated with an anti-CD8 monoclonal antibody (mAb) (Becton-Dickinson, Mountain View, CA, USA), anti-CD16 mAb (Immunotech, Hamburg, Germany), and anti-CD45RA mAb (Becton Dickinson) for 20 min at 48C and washed in phosphate-buffered saline (PBS) containing 1% (w/v) bovine serum albumin (BSA). The cells were incubated with a goat-anti-mouse IgG coupled to magnetic beads (Miltenyi Biotec), washed, and passed through a MACS column to isolate CD8 7 CD16 7 CD45RA 7 lymphocytes by negative selection. T cells obtained were homogeneously stained for CD4 (498%) and CD45R0 (498%), and were found free of CD8, CD45RA, and CD16 expression (51%) as monitored by fluorescent-activated cell sorter (FACS) analysis. Isolated CD4 + CD45RA 7 CD45R0 + memory T cells were separated into CD7 + and CD7 7 subpopulations by an additional MACS separation procedure. Cells were labeled with anti-CD7 mAb (Becton Dickinson) followed by incubation with an goat anti-mouse antibody conjugated with magnetic beads and sorted by MACS procedure. The CD7 7 cell fraction routinely contained 51 % CD7 + T cells and the CD7 + cell fraction 498% CD7 + T cells. Human dermal fibroblasts were obtained from normal skin of patients undergoing plastic surgery. Fibroblasts were initially grown in DME medium, 10% (v/v) fetal calf serum (FCS). For use in coculture experiments, fibroblasts of passages 4 to 6 were subcultured in RPMI 1640 medium supplemented with L-glutamine (2 mM) and 10% (v/v) FCS (Gibco, Karlsruhe, Germany). Fibroblasts were grown to near confluence in 24-well plates (1.5610 5 cells/well) and incubated with 20 ng/ml TNF-a (R&D Systems, Wiesbaden, Germany) for 3 days. To avoid cellular contact of T cells with fibroblasts, culture wells containing a Transwell TM -COL filter membrane (0.4 mm pore diameter, Corning, Wiesbaden, Germany) were used.
IL-2 was purchased from Chiron (Ratingen, Germany), IL-4, IL-6, IL-7, IL-10 and IL-15 from R&D Systems, and neutralizing anti-IL15 antibody from Biosource, Ratingen, Germany. Murine anti-human IL2Rb antibody (clone Mik-b2) (PharmMingen, San Diego, CA, USA) was used to block IL-15 signaling. To detect IL-15Ra and IL-2Rabg proteins, the following antibodies were used: mouse anti-human IL-2Ra (clone M-A251), IL-2Rb (clone Mik-b2), and IL-2Rg (clone AG184) antibody (PharMingen) and affinitypurified polyclonal goat antibodies N-20 (Santa Cruz Biotechnology, Santa Cruz, CA, USA) recognizing the amino-terminal region of IL15Ra chain. 1610 6 cells were incubated with the antibody (1 mg/ml) and with a nonreactive (isotype-matched) negative control antibody (Becton Dickinson), respectively. Phycoerythrin (PE)-labeled rabbit anti-mouse (1 mg/ml), and FITC-labeled rabbit anti-goat (1 mg/ml) were used as secondary antibodies. For detection of apoptosis-associated proteins the following antibodies were used: anti-CD95 mAb UB2 (10 mg/ml; Immunotech, Marseille, France), hamster anti-CD95L mAb 4H9 (10 mg/ml; Immunotech), affinity-purified polyclonal rabbit antibodies N20 (2 mg/ml; Santa Cruz Biotechnology) recognizing the amino-terminal region of Bax, mouse monoclonal IgG 1 antibody H-5 (2 mg/ml, Santa Cruz Biotechnology) directed against the aminoterminus of Bcl-xL, and hamster mAb 6C8 (2 mg/ml; PharMingen) recognizing Bcl-2. Fluorescein isothiocyanate (FITC)-labeled goat anti-rabbit, goat anti-mouse, and goat anti-hamster IgG (1 mg/ml) were used as secondary antibodies. Species-and isotype-matched irrelevant antibodies were purchased from Becton Dickinson.
Detection of apoptosis
Apoptotic cell death was assessed by double-staining with annexin V (AV) and propidium iodide (PI) using TACS Annexin V Apoptosis Detection Kit (Genzyme) and subsequent flow cytometric analysis. Nucleosomal DNA fragments were detected by using the Apoptotic DNA Ladder Kit (Roche Diagnostics, Mannheim, Germany). To monitor cells that harbor fragmented DNA, DNA was labeled in situ by terminal deoxynucleotidyl transferase-reaction in presence of fluorescein-dUTP (TUNEL) using the In Situ Cell Death Detection Kit (Roche Diagnostics). Cells were subsequently analyzed by flow cytometry.
Statistical analysis
Data represent the mean+SD of at least three independent experiments. Statistical analysis was performed using two-tailed Student's test.
